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Abstract Science and technology policy academics and evaluators use co-authorship as
a proxy for research collaboration despite knowing better. Anecdotally we understand
that an individual might be listed as an author on a particular publication for numerous
reasons other than research collaboration. Yet because of the accessibility and other
advantages of bibliometric data, co-authorship is continuously used as a proxy for
research collaboration. In this study, a national (US) sample of academic researchers
was asked about their relationships with their closest research collaborators—some with
whom respondents reported having co-authored and some with whom respondents
reported not co-authoring. The results suggest there are numerous dimensions of co-
authorship, the most influential of which is informal and relational and with little (di-
rectly) to do with intellectual and/or other resource contributions. Implications for
theory and practice are discussed. Generally we advise academics and evaluators
interested in tracking co-authorship as a proxy for collaboration to collect additional
data beyond those available from popular bibliometric resources because such infor-
mation means better-informed modeling and better-informed policy and management
decision making.
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Introduction

For decades now science and technology policy academics and evaluators have been
interested in research collaboration. The reasons are varied, but two are dominant. First is a
formalized shift in the policy-for-science paradigm from funding individual investigators
to funding groups, because presumably the more experts are working together on a par-
ticular problem, the better the chances for effectiveness, innovativeness, and/or produc-
tivity (Wuchty et al. 2007). Accordingly today many public research investments are made
in organized research units with different types of expertise from different economic
sectors and/or from different disciplines (Block and Keller 2009). Another (related) reason
for academics’ and evaluators’ interest in research collaboration is that public research
investments have become more explicitly problem-focused due to enhanced public and
thusly political demand for socially- and/or economically-impactful returns from publicly-
funded research (Guston 2000).

A facet of the interest in research collaboration is of course co-authorship. Co-au-
thorship has been operationalized as a proxy for research collaboration since the early
1980s (e.g., Subramanyam 1983). Not just because bibliometric data are widely available,
but also because co-authorship often is indeed an output of research collaboration (Melin
and Preston 1996). Co-authorship exhibits acceptable face and content validity as a
measure of research collaboration—when two or more individuals are listed as co-authors
on the same publication, it is quite plausible that these people must have collaborated in
some way (Laudel 2002); conversely, it is also implicitly assumed that all scientists who
collaborate become co-authors (Beaver and Rosen 1978; Gordon 1980).

Research collaboration seems to be especially notable when co-authors are separated by
boundaries, e.g., disciplinary, economic, institutional, generational, gender, national, eth-
nic, academic, rank, etc. (e.g., Narin and Whitlow 1991; Qiu 1992; Van Raan 1998),
because crossing boundaries seems likely to entail the productive integration of different
theories, concepts, techniques, and/or data (Porter et al. 2006). In turn, such factors explain
why research collaboration is deemed to be of such importance.

Accordingly, substantial body of research modeling research collaboration and using
co-authorship as the primary output (or outcome, when co-authorship indeed represents
research collaboration) exists. There are numerous studies using bibliometrics to predict
the occurrence and intensity of research collaboration with personal/professional and
institutional characteristics that are readily gleaned from publications themselves (e.g.,
Jeong et al. 2011). A large proportion of these studies explain research collaboration in
terms of either the resource-based view or more specifically in terms of costs and benefits
(Birnholtz 2005; Bozeman and Corley 2004; Melin 2000; Sonnenwald 2007; Traoré and
Landry 1997). The literature using co-authored publication as a proxy for research col-
laboration demonstrates general reliability at the level of individual of analysis (Yan and
Guns 2014).

But the current study is not a study of research collaboration. Though we view past
bibliometric studies as theoretically informative and also as valuable to policy and man-
agement decision making, we suggest here that co-authorship is a social phenomenon
worthy of study in-and-of-itself. Though co-authorship may validly represent research
collaboration in some instances, co-authorship may have numerous other meanings besides
collaboration. This means that co-authorship has yet to be modeled using the appropriate
theoretical approach. In this study we seek to remedy this situation (at least in part) by
taking theoretical guidance from the law and medical literatures on authorship ascription
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rather than from theories of collaborative research (though all three literatures demonstrate
some conceptual overlap).

We acknowledge that we are not the first to suggest that bibliometric data are not singly
a proxy for research collaboration. In many of the studies of research collaboration that use
bibliometric data, as well as in collaboration studies using other types of data, you can find
as much, at least implicitly. Typically these studies caveat, usually towards the end of the
article, that co-authorship does not necessarily entail research collaboration and/or that
many research collaborations produce no publications whatsoever, much less co-authored
ones.

Here we hope to begin to move beyond the typical caveats, which in our view requires
two steps. The first is understanding what predicts and explains co-authored publications,
including but not limited to research collaboration—i.e. to heed Katz and Martin’s (1997)
call to develop understanding of co-authorship as just a partially valid operationalization of
collaboration (Lundberg et al. 2006) but also a valid representation of other phenomena
besides collaboration. The second step is to incorporate what we learn about co-authorship
as a social phenomenon into future studies of research collaboration. In the current study
we take on the first step but are limited to making recommendations for the second.

Thus the paper attempts to unpack co-authorship conceptually. For this task we use data
from a national survey of scientists in US universities asking about their closest research
collaborators. This is not a bibliometric study but instead relies on survey data eliciting
responses about respondents’ closest recent collaborations, including responses about co-
authorship. The findings suggest that only slightly more than half of collaborations result in
co-authorship and, moreover, when this occurs it’s probably more a function of relational
factors than of intellectual contributions, which is of theoretical importance. A finding
important for policy and management decision making is that institutional factors aren’t
particularly influential.

In the next section we review extant research and theory to inform how to model co-
authorship, followed by description of data and methods, and empirical results. The final
two sections discuss and synthesize the findings. First we discuss the implications of the
findings for theory development and for current policy and institutional efforts to facilitate
research collaboration. Last we discuss how to improve upon the current study to help
converge theory development and practice regarding co-authorship, research collaboration,
and science and technology policy decision making and implementation.

Framing co-authorship

Most study using co-authorship data does so as a proxy for research collaboration (Adams
et al. 2003, 2005; Bordons and Gomez 2000; Yoshikane and Kageura 2004; Ponomariov
and Boardman 2010). Studies using non-bibliometric operationalizations of collaboration
have also proliferated, e.g., based on self-reports from surveys and/or interviews (Board-
man and Bozeman 2006; Boardman and Corley 2008; Boardman and Ponomariov 2009;
Bozeman and Corley 2004; Kreiner and Schultz 1993; Laudel 2002; Ponomariov and
Boardman 2008).

Both of these literatures are relevant to unpacking co-authorship conceptually, albeit
with important qualifications. First, studies using bibliometric data either model co-au-
thorship as an outcome of some sort of treatment, such as a new policy and/or institutional
affiliation, (e.g., Ponomariov and Boardman 2010) or these studies use it to describe
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differences in publication patterns across groups, for instances across disciplines (e.g.,
Batista et al. 2006). Which means research collaboration studies don’t model co-authorship
as a discrete phenomenon—our goal in this study. Similarly, studies of research collabo-
ration using self-reports rather than bibliometric data (e.g., Bozeman and Corley 2004)
emphasize the relational aspects of collaboration but not the motives and processes of co-
authorship per se, which means the theory and modeling from these studies are as directly
useful here as are bibliometric studies.

What’s needed is a framework specifically for the allocation of authorship credit, what
we’ll call authorship ascription from here on.' Though we partially inform our modeling
of co-authorship with the research collaboration literature, we are as much influenced by
the law and medical literatures on authorship as an indicator of intellectual property and
intellectual contribution, respectively. Though these literatures for the most part aren’t
empirical but instead are predominantly normative and therefore discursive, and though
they’re focused as much on patents as on scientific publications, their thinking and com-
mentary on authorship ascription as a discrete phenomenon rather than as a proxy for
something else (like research collaboration) is directly useful to the current study.

The law and medical literatures on authorship

Biagioli (2003) suggests that authorship is a reward and that it is not per se caused by the
intellectual contribution the author makes, meaning that authorship ascription can be a
function of things other than intellectual contribution. This argument is consistent with
prevailing normative views of scientific activity, i.e. the view that it is the scientific
method, not the scientists, that causes scientific results—else, replicability is at stake.? In
turn several questions arise: What exactly is authorship ascription a reward for? And when
is authorship ascription not a reward but something else?

Biagioli and Galison (2003) conceptualize authorship ascription as a reward for a
contribution of capital of some sort (Beaver 2001; Melin 2000; Wray 2002), including
financial capital (e.g., a grant award, in-kind contributions of infrastructure and/or tech-
nology), human capital (e.g., an intellectual contribution, graduate students), and/or social
capital (e.g., being the central node in a new collaboration). Their reasoning is part theory-
and research-driven and part anecdotal and intuitive. On one hand there’s the resource-
based view of research collaboration, which addresses different types of capital contri-
bution as good reason to collaborate (but not necessarily good reason to ascribe author-
ship). On the other hand we ourselves have been included as authors on papers for making
capital contributions.

This reasoning is quite similar to the discourse on authorship ascription in the medical
journals like Journal of the American Medical Association (Drenth 1998; Flanagin et al.
2002; Lundberg and Glass 1996; Rennie et al. 1997; Riesenberg and Lundberg 1990;
Shapiro et al. 1994). But it comments (generally) that authorship ascription specify the sort

' For the remainder of the article we use the term ascription. We avoid using the term aztribution so as not
to confuse our efforts here with the long- and well-established authorship attribution literature, which
focuses on inferring the unobservable characteristics of an author from the content of the documents written
by that author.

2 It would be worthwhile to consider a more in-depth investigation on the possible qualitative differences
between single- and multi- authored papers. Anecdotally, it seems that highly influential, paradigm-shifting
theoretical papers tend to be single-authored, while papers involving empirical, “normal science” work are
more-likely, and better if, co-authored in comparison. In the qualitatively different case of individual
theoretical breakthroughs, it appears to easier to justify to apply the authorship-as-cause view.
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of capital contributed. Intellectual oversight, such as that by a mentor, should be ascribed
when the paper is the product of a particular individual’s protégés and/or other individuals
who required guidance and advice during the research. These contributors should be
designated as guarantors not authors, and those who make direct intellectual contribution
to the research described in the manuscript should be called contributors (and their specific
contribution should be specified in the credits at the beginning of the paper) (e.g., Rennie
et al. 1997).

The International Committee of Medical Journal Editors is much more systematic. They
argue that if but one of the follow criteria are not met by an individual, then that individual
should be acknowledged as a contributor (e.g., in a footnote) but not ascribed authorship.
These criteria are as follows (verbatim):

e Substantial contributions to the conception or design of the work; or the acquisition,
analysis, or interpretation of data for the work; AND

e Drafting the work or revising it critically for important intellectual content; AND
Final approval of the version to be published; AND

e Agreement to be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appropriately
investigated and resolved.’

Because the extent to which the above conditions are met by any individual authors is
practically impossible to verify, and because as far as we know no systematic attempts are
made to audit the appropriateness of authorship ascription, these criteria are no more than a
normative set of recommendations. The obvious verification and measurement validity and
reliability issues with these criteria notwithstanding, it is notable that social and relational
reasons unrelated to capital contributions for ascribing authorship are omitted. Which
implies that relations alone are no reason to ascribe authorship. Yet, we know from the
research collaboration literature that is survey—not bibliometrics-based that relationships
matter and can sometimes lead to authorship ascription, including unwarranted ascription
per the above-listed criteria (Bozeman and Youtie 2015).

Just as important, the absence of actions not directly related to producing the co-
authored research from the above list, fundamentally challenges the assumption of con-
gruence between collaboration and co-authorship, because a shared research goal is not a
necessary presupposition for collaboration (Laudel 2002: 5); actors may collaborate
according to their interests, do not necessarily share goals, and the collaboration is defined
by the activities involved—and the range of these activities (some of which may be
rewarded by co-authorship)—is much broader than the short check list provided above.

From a theoretical point of view, studying the relational determinants of co-authorship is
important because the resource-based and institutional views, though intuitively appealing,
by definition are incomplete. Both views assume that co-authorship is of a somewhat discrete
quality (rather than a function of ongoing relations)—meaning that co-authorship happens in
order to satisfy identifiable needs and not as a function of past and contemporaneous expe-
riences (including but not limited to past and current relations). Accordingly from these views
scientists and engineers merely scan their environments for possible collaborators (and co-
authors) based on their particular capital needs and/or based on the particular institutional
influences they’re subjected to at any given time. These views implicitly deny that non-
resource relations can help to predict and explain authorship ascription.

3 Viewed on 01 May 2016: http://www.icmje.org/recommendations/browse/roles-and-responsibilities/
defining-the-role-of-authors-and-contributors.html.
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The research collaboration literature

The research collaboration literature using bibliometric data [sometimes complemented by
other methods (Katz and Martin 1997)], similarly adopts an institutional and/or resource-
based view, to the exclusion of relational predictors. These studies also make two
assumptions: (1) that co-authorship indeed signifies actual research collaboration and (2)
that all scientists who collaborate become co-authors. While the first assumption is often
violated (Harsanyi 1993), it is also relatively easy to address statistically (Laudel 2002).
The second assumption is much more problematic, because co-authored publication
depicts only a fraction of collaborative activities (Melin and Persson 1996).

The resource-based and institutional explanations of bibliometric studies of research
collaboration have reasonable face validity, but, similar to the law and medical explana-
tions (see “The law and medical literatures on authorship” section) are also likely insuf-
ficient. First, approaching collaborations strictly from an incentives/assets/structure
perspective pays insufficient attention to the possibility that at any given time, there is a
greater number of possible collaborations than actually occur. Yet scientists collaborate
with a limited number of colleagues—arguably with far less than they could in principle,
based on the likelihood that from the resource point of view the universe of suitable col-
laborators is larger than the actual set of collaborators they interact with. If that is the case,
then it suggests that the relationships extend beyond discrete projects, do not necessarily
involve shared goals, and the explanation of co-authorship may also have something to do
with the relational characteristics of these general collaborative relationships rather than
any specific incentives as perceived on a case by case basis.

Thus, research collaboration is a multi-dimensional process, of which co-authorship is
only one potential dimension. If collaboration is such a fluid and hard to demarcate
process, then resource-based and institutional explanations are perhaps less important,
simply because an on-going collaborative relationship (much like a marriage) is sustained
not on the basis of discrete exchanges (and regular dissolution and re-engagement), but
rather on mutual and multidimensional social commitment that is neither easily established
nor readily terminated.

We see some of this in the research collaboration literature not using bibliometric data.
Particularly in the studies using surveys of academic researchers’ values and motives (see
Kingsley et al. 1996 for an overview). Yet these studies emphasize as dependent variables
a slew of attitudes and perceptions that don’t speak directly to outputs like publications
(e.g., Bozeman and Corley 2004).

Accordingly, the main focus of our study is on examining the likelihood of co-au-
thorship, based on a data set that captures the broader multi-dimensionality of research
collaborations. Specifically, doing so requires (1) accepting that collaboration is a fluid and
multi-dimensional process, and (2) that this multidimensionality (i.e. the various aspects of
the collaborative relationships) has direct relevance to the actual knowledge production
process (e.g., producing publications). While scientists do pursue knowledge for its own
sake and in the process only collaborate with others, the knowledge produced is not
ultimately legitimate unless it survives some form of the peer review process and appears
in print. Hence, the main question of this paper is not open-ended, but identifies specific,
theory-driven explanation of what properties of the collaborative relationships increase the
likelihood of a co-authored publication.

The implicit general hypothesis underlying this question is that scientists do not co-
publish with each other for specific reasons, e.g., like resources, but rather that the process
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requires a more complete explanation, featuring both resource-based and relational factors.
The sections below propose that the scientific and technical human capital framework—in
our view which has been insufficiently operationalized to date—provides a robust template
to integrate both explanations empirically. Because this approach helps to reconcile many
of the validity issues associated with studying collaboration through co-authorships.

First, it recognizes that collaboration does not necessarily always lead to co-authored
papers, it recognizes that it can also lead to other outputs, or nothing tangible at all. Con-
versely, the approach employed here also limits another common problem in bibliometric
studies, namely the fact that not all co-authorships are the result of actual collaboration: the
data analyzed in this study by definition only incorporate co-authored publications that have
resulted within the context of a collaborative relationship. As a result, the proposed study
focuses on explaining the likelihood of co-authored publication within an existing collabo-
ration’s context, thus capturing collaborations—and aspects of collaborations—that cannot
be measured through co-authorships. This approach also provides reassurance that the co-
authored publications are the result of actual collaborative relationship. Finally, it provides an
illustration of the feasibility to study productivity patterns without sacrificing important
complementary information regarding the nature of the collaboration.

Hypotheses

We emphasize both relational and resource-based predictors of co-authorship. However,
we characterize both as ultimately relational. Resources and relations are not separable:
there typically cannot be the former without the latter of some sort (Corley and Bozeman
2004; Boardman 2009; Ponomariov and Boardman 2010). For relational collaborations, the
relation itself could be a hidden contribution of human capital-augmented labor between
collaborators, who in the process of the relation could receive useful contributions that they
cannot necessarily fully reproduce on their own. For resource-based relations, we distin-
guish between the formal and informal while acknowledging that formal relations based on
the provision or exchange of resources can also have informal resource-based elements as
well as relational elements that have little to do with resources per se (Bozeman et al.
2001). In other words, and as usual, no social phenomenon is ever observed in its pure
form, although the categories of relations can be conceptualized as discrete.

Formal resource-based relations

Resources (or capital) broadly defined are what most of the above-discussed literatures
emphasize. Even the tangentially-related policy analysis literature (tracking co-authorship
longitudinally) addresses resources in that many of the policies assessed for ex post bib-
liometric impact entail the allocation of financial and other resources (to the subjects being
examined for co-authorship). The first formal resource-based relation we propose as a
determinant of co-authorship is mentoring relations:

H1 In collaborations wherein one of the collaborators is formally a mentor of another of
the collaborators (e.g., dissertation adviser, dissertation committee member, or other for-
mal mentorship roles), co-authorship is more likely.*

4 We don’t get more specific than this due to response bias and measurement reliability (Bozeman et al.
2012). First, collaborators can have very different views of their own and others’ contributions to the same
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Formal resource-based relations as a determinant of co-authorship is straightforward
and has been elucidated in the numerous literatures on research collaboration discussed
above. Given our emphasis of alternate explanations of co-authorship, we allocate more
space discussing the informal and relational predictors rather than reiterating the resource-
based view (which emphasizes formal resources).

Informal resource-based relations

Research collaborations also entail resource-based relations that aren’t formalized, which
makes the predominance of research collaborations in academia informal and difficult to
detect empirically, and many aren’t well-studied (Hagedoorn et al. 2000). What’s needed is
a way to identify when collaborations entail resource-based relations in the absence of
formalization.

One approach is to emphasize boundaries, e.g., institutional, economic, and disciplinary
boundaries. The basic idea is the more boundaries are spanned, the more productive and
more diverse is the collaboration (Boardman 2009; Bozeman and Corley 2004; Pono-
mariov and Boardman 2010). Assuming researchers from firms bring different resources to
collaboration than bring researchers from academia; researchers trained in biometrics bring
different resources than bring researchers trained in psychology; and so forth. However,
spanning boundaries also entails a cost, sometimes prohibitive, making interdisciplinary or
inter-institutional collaborations costly, difficult or sometimes even plainly impossible. In
collaborations that have actually occurred (as in those studied in the present paper),
willingness to bear this cost suggests that the payoff of the collaborative relationship, or the
resources contributed, outweighs this cost (e.g., communication or coordination difficul-
ties). The key assumption remains that authorship is ascribed when resources are
contributed.

H2 When collaborators are separated by boundaries (e.g., different universities, different
economic sectors, different disciplines, different generations), co-authorship is more likely.

Of course, identifying boundaries as a proxy for informal resource relations is blunt. For
example researchers from different fields, sectors, and/or institutions could be
resource/capital substitutes not complements yet no less included in the collaboration for
non-resource (i.e. purely relational) reasons (see “Non-resource relations” section). And/or
there can be intra-institutional, -disciplinary, -sector relations that are informal yet
resource-based. In other words the boundaries approach to measuring informal resource
contributions has the potential for high rates of both false positives and false negatives.

An alternate approach is to consider informal human capital contributions that occur in
professional relationships (Corley et al. 2006; Laudel 2001; Mullins 1973).

H3 When a researcher views his or her collaborator as someone who can assess and help
to improve his or her research (e.g., by reviewing results), the likelihood of co-authorship
goes up.

Footnote 4 continued

project. Related, beyond formalized mentor-mentee relations (e.g., once mentees graduate and become
“equal” to their advisers), it’s difficult to reliably track formalized resource-based relations amongst col-
laborators, for instance amongst co-PIs. This is one of the reasons the analysis below also includes separate
equations by academic rank, to control for the changing context of individual careers and collaboration
roles, especially clear with regards to relationship with mentors.
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Non-resource relations

Many of the predictors we characterize as non-resource relations of course may coincide
with resource-based relations. Many potential predictors are not readily validated as “re-
source-based” (versus those just addressed’) but are valid relational variables. Meaning
that they can help to characterize relationships between or amongst collaborators and
thusly to distinguish one research collaboration from the next.

H4 The more frequent the communication between collaborators (e.g., same institutional
affiliations, same conferences, self-reports of communication), the more likely there will be
a co-authored publication.

HS The “closer” the collaborators (e.g., length of relationship, professional trust and
respect, friendship outside work) have known one another, the more likely will there be a
co-authored publication.

A number of prior studies (Hagstrom 1965; Katz and Martin 1997; Price and Beaver
1966) suggest that most research collaborations start informally, as a result of informal
conversations at conferences and so forth, which may “stimulate them to think about
unsolved problems in their field, about possible research projects, about the interpretation
of older data and the like” (Laudel 2001: 8). Our main assumption here is that non-
resource relations increase the likelihood of co-authored publication, perhaps via formal
resource-based relations, and also likely (at the least) via informal resource-based and non-
resource relations.

Data description and key variables
Survey and co-authorship data

The data reported in this paper comes from the first stage of a large 3-year study of social
and collaborative networks of scientists and engineers.® The multi-year effort includes a
large national two-stage survey of US academic scientists and engineers in six fields. The
data reported here are drawn from the first-stage survey which was completed in March
2007. This survey also captures the structure of collaborative and advice networks by
investigating the connections between the collaborators named by the respondents.

The survey included three major categories of questions. First, the most extensive of
these questions was a series of name generator and name expander questions based on
research methods typical to sociological studies of social networks. The name generator
questions were used to identify key collaborators or advisors in several key categories,
including formal as well as research advice networks. Because an important focus of the
study is on the social aspects of the academic enterprise, two name generators were used to
identify “collaborative networks”: individuals inside and outside of the university with

5 For example being a graduate student or adviser of a graduate student constitutes verifiable formalized
human capital, social capital, and capital resource relations. Inter-organizational research partnerships are
entered predominantly for resource-based reasons. And an individual’s view that a collaborator contributes
intellectually as a guarantor is also valid. See “Formal resource-based relations” and “Informal resource-
based relations” sections.

 “Women in Science and Engineering: Network Access, Participation, and Career Outcomes,” a project
funded by the National Science Foundation (Grant# REC-0529642).
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whom the respondent works on research. While the name generators are useful for iden-
tifying collaborators, it was also important to understand characteristics of these individ-
uals, and the characteristics of their relationships with the respondent. To do this, a series
of “name expander” questions were used to capture the nature of the collaboration (nature
of research product), details about the level of relationship and origin of acquaintance,
closeness of research expertise, communication frequency, grant activity, and general
demographics. The survey was implemented online using Sawtooth Software®. Individuals
were alerted to the survey via personal email and provided with a unique user id and
password (and directed to the website). Three reminders were sent, with a combination of
email and postcard reminders.

The survey sample of 3677 was randomly drawn from the population of academic
scientists and engineers in six disciplines in Carnegie-designated Research I universities
(151 universities at the time of the survey). The sample was stratified by gender, rank (i.e.
assistant, associate or full professor) and discipline.” Overall, 1764 survey were returned
for a 50.1 % response rate and a usable response rate of 47 %.* Responses were fairly
evenly distributed across the six fields, gender (48 % women) and rank (26 % assistant
professor, 28 % associate professor, and 46 % full professor). Emeritus, research scientists
and any scientists that reported not being in tenured or tenure-track positions were removed
for this analysis, resulting in a final total sample size of 1581. Descriptive statistics for the
respondents used in the present paper are presented below in Table 1. On average,
respondents named 4.6 close collaborators. Respondents were more likely to nominate
close collaborators outside of the university than inside: on average, respondents had 2.7
close collaborators inside of their home university and about 3 close collaborators outside
of their university; the difference is statistically significant (P = 0.0001).

The survey asked all scientists to respond to a close-ended question of how many
articles they (personally) have published in the last 2 years. The options given were “0”,
“1-27, “34”,“5-6",7-97, “10-14”, and “>15”, i.e. the number of publications variable
is ordinal. Since the number of categories is large, the data was recoded in three pro-
ductivity groups (low, medium and high) based on the tertile distribution.” Accordingly,
the observations in the first tertile fall into the “4 or less” publications group, the middle
tertile results in the “5-6” publications group, and the third tertile encompasses the “more
than 7” publications group. See Table 1 for the shares of respondents falling in each group.
Approximately half of all respondents fall in the “low” productivity group, 20 % in the
middle, and 30 % in the “high” productivity group.

Unit of analysis: the collaboration, not the individual

Although respondent level control variables are used in the modelling of collaborations, the
individuals themselves are not the unit of analysis in this study. The units are the closest

7 Disciplines were selected based on the level of female representation in order to allow for comparison
across male-dominated versus gender balanced fields of study. The fields were chemistry, biological sci-
ences, earth and atmospheric sciences, electrical engineering, computer science, and physics.

8 Data were cleaned for incomplete responses. In the cleaning, non response due to bad addresses were also
removed for the calculation of response rate. For example, 136 of the emails were “bounced back” due to a
bad email address and 19 were “returned to sender” by the recipient universities email server. Follow-up
calls were made but respondents could not be located in these cases.

° The division based on tertile values is arbitrary and chosen to limit the number of separate equations run
for the separate productivity groups. Also, since for theoretical purposes a general delineation of levels of
productivity suffices, more granular division did not seem practical or necessary.
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Table 1 Descriptive statistics for individual respondents

Variable Observations Mean SD  Min Max
Rank
Assistant professor 1581 26.1 % 044 0 1
Associate professor 1581 275 % 045 0 1
Full professor 1581 464 % 050 0 1
Total 1572 100 %
Publications
Number of journal articles published in the last 2 years: 4 1572 484 % 050 0 1
or less
Number of journal articles published in the last 2 years: 5-6 1572 191 % 039 0 1
Number of journal articles published in the last 2 years: 7 1572 325% 047 O 1
or more
Total 1572 100 %
Discipline
Biology 1581 175% 038 0 1
Chemistry 1581 180% 038 0 1
Computer science 1581 164 % 037 0 1
Earth/atmospheric sciences 1581 180% 038 0 1
Electrical engineering 1581 134% 034 0 1
Physics 1581 168 % 037 0 1
Total 1581 100 %
Number of closest collaborators at respondent’s university 1321 2.7 141 0 5
Number of closest collaborators outside of respondent’s 1285 29 147 0 5
university

recent (last 2 years) collaborations provided by the respondent. As a part of the survey,
respondents were asked to name their closest research collaborators (both in their own
university as well as outside of the university). They could name up to 5 collaborators in
each of these two groups. The exact wording of the questions regarding the nomination of
the collaborators is presented in the “Appendix”. Overall, respondents were given mini-
mum guidance in how to define “collaboration”, although they were prompted to think
about tangible work relationships resulting in a certain output. Precisely operationalizing
collaboration is very challenging (e.g., Laudel 2002). Instead, a plausible alternative is to
simply leave the scientists themselves to identify their “closest research collaborators”,
and then ask follow-up questions about these relationships. Obviously, this approach by
design prioritizes “true” or “deep” collaborations, while ensuring that casual, unimpor-
tant, or opportunistic collaborators are less likely to be nominated.

The 1581 respondents used in this analysis named a total of 7272 collaborators. After
naming the collaborators, respondents were asked to provide detailed information about
their collaborative relationship with each particular person they named. After listwise
elimination of observations with missing values, the collaboration data set is comprised of
5621 observations each describing a specific collaborator and the collaborative relation-
ship. Since the fundamental premise of the paper is that characteristics of the collaborative
relationship affect the outputs of the relationship this data format is most effective in
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testing hypotheses of such relationships. Table 2 provides the descriptive statistics for the
collaboration unit of analysis.'°

It is notable that only about half of the collaborations had resulted in co-authored
journal article—an estimate consistent with prior study assessing that about half of col-
laborations remain invisible in formal publication channels (Laudel 2002).

Key variables

The dependent variable is a binary based on self-reports of whether or not the collaboration
resulted in a co-authored publication. We estimate a general model for the entire sample,
and then a series of separate models for sub-groups defined by respondent’s rank (assistant,
associate, or full professor), as well as by productivity (low, medium, and high), in order to
guard against the possibility that the processes of collaboration and co-authored publica-
tion are qualitatively different at different levels of seniority and experience, as well as
overall productivity and capacity.

The variables for hypothesis 1 on formal resource-based relations are based on ques-
tions regarding the status of the collaborator, broadly defined, relative to the status of the
respondent. For example, positive status differential might increase the likelihood of
publication. Accordingly, operationalizations of H1 include questions asking if the col-
laborator was on respondent’s dissertation committee, if he or she is a PhD student of the
respondent.

The variables for informal resource-based relations (hypotheses 2-3) are based on
questions operationalizing whether respondents and their collaborators inhabit the same
institutional or generational spaces. Accordingly, they include questions about whether the
collaborator is senior or junior to the respondent, if they are from outside of their uni-
versity, and the extent to which respondents understand the collaborator’s area of
specialization.

Hypothesis 3 uses survey item asking about guarantorship, e.g., different forms of
informal intellectual or other contributions. It includes questions on whether the collabo-
rator have explicitly reviewed and recommended improvements to respondent’s research,
and whether the collaborator has introduced the respondent to other collaborators, or
nominated him for awards.

19 Conceptualizing the unit of analysis in this way combines the concept of a “collaboration” broadly
defined with a more explicit look at the characteristics of the “relationship” that underpins this collabo-
ration. In other words, such conceptualization allows a broader operationalization of the concept of sci-
entists’ collaborations understood as a complex phenomenon anchored around a relation—i.e. an interaction
between two agents that is based on specific mechanisms, and actions, and is also contingent on the
properties of the agents forming the relationship. This allows simultaneously broadening the lenses through
which to observe the relationships underlying collaborations (i.e. as encompassing more than co-author-
ships), yet keeping it focused enough so that the phenomenon of collaboration remains articulated and
measurable through the incidence of specific relationship mechanisms and properties. Respondents were
asked to nominate individuals whom they consider to be their “closest collaborators.” No operational
definition of a “collaborator” was given to respondents, in order to elicit nominations based on respondent’s
perceptions of what kinds if relationships constitute “close collaboration.” Once a respondent had identified
a collaboration, it was possible to gather information about specific properties of such relationships, which in
turn allows examining the extent to which the selected predictors (see “Hypotheses” section) co-vary with
co-authorship. Similarly, given that the unit of analysis is each individual collaborative relationship (rather
than the individual), the models below, as specified in “Hypotheses” section examine what properties of the
relationship would affect the likelihood that it will yield a publication within the last 2 years. Thus the single
dependent variable for this study and in the models below is a binary variable coded 1 if the collaboration
has yielded a publication within the last 2 years, zero otherwise.
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Table 2 Descriptive statistics of dyadic collaborations
Variable Observations Yes No Total
(%) (%) (%)
Formal resource based relations
This person was on my dissertation committee 6332 3.0 97.0 100
This person was/is a Ph.D. student of mine 6332 43 957 100
Collaborated on a journal article® 5763 534 46.6 100
Collaborated on research grant proposal 5764 56.5 43.50 100
Collaborated on conference paper 5763 50.5 495 100
Collaborated on a patent 5763 39 96.1 100
This person has nominated me for an award or as an invited speaker 6326 16.3 83.7 100
Informal resource-based relations
Collaborator is outside of the university 7253 51.5 485 100
I have a detailed understanding of this person’s area of 6289 52.1 479 100
specialization*”
I have a working understanding of this person’s area of 6289 443 557 100
specialization
I have little to no understanding of this person’s area of 6289 35 965 100
specialization
This person has reviewed papers on which they are not a co-author 6326 26.2 73.8 100
prior to submission
Collaborator is senior to me 6334 389 o6l.1 100
Collaborator is junior to me 6334 252 748 100
I met this person for the first time at a conference 6332 17.7 823 100
This person has introduced me to potential collaborators 6326 327 673 100
Non-resource relations
Collaborator is a close friend 6334 26.1 739 100
Frequency of communication: about daily* 6232 129 87.1 100
Frequency of communication: about weekly 6232 30.2 69.8 100
Frequency of communication: about monthly 6232 323 677 100
Frequency of communication: less often than monthly 6232 245 755 100
Length of the relationship: <3 years* 6332 152 848 100
Length of the relationship: 3-6 years 6332 319 68.1 100
Length of the relationship: >6 years 6332 529 47.1 100
We were Ph.D. students together with this person 6332 3.6 964 100
Discipline controls
Biology* 7253 16.0 84.0 100
Chemistry 7253 158 842 100
Computer science 7253 16.3 83.7 100
Earth/atmospheric sciences 7253 21.8 782 100
Electrical engineering 7253 135 865 100
Physics 7253 16.6 834 100

All variables are binary. Standard deviations are not reported as they have no substantive meaning

? Dependent variable

® All variables marked with an asterisk represent the reference groups in the logistic regression models in

the following section
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The variables for non-resource relations (hypotheses 4-5) include survey items
assessing the social aspects of the relationship, including the length of time collaborators
have known each other, the frequency of communication, and whether the collaboration is
based on friendship.

Results

The results support each of the hypotheses, most notably the proposition that authorship
ascription is informal and relational than for the proposition that ascription is resource-
based (Table 3).

Formal resource-based relations (hypothesis 1)

The results generally provide a weak support for the first hypothesis (that capital contri-
butions increase the likelihood of co-authored publication), with some qualification. If a
collaborator was on a scientist’s dissertation committee, it is more likely that the rela-
tionship has yielded a co-authored publication. However, this dynamic only applies to the
subset of assistant professors—i.e. junior scholars who can be expected to still work
closely with their advisors from graduate school. Predictably, this relationship not only
does not apply in any of the other rank/productivity subsets, but for the case of associate
professors it is negative and significant; for example, faculty whose central collaborators
remain their advisors mid-career may lack independence or initiative, which may even-
tually hurt their overall productivity and the productivity of existing collaborations.
Together, these results suggest that advisor-student relationships are important at the onset
of one’s career, however unless the junior scientist adopts an independent path soon after,
these relationships become less and less productive in terms of co-authorship over time.

Somewhat different is the effect of the collaborator being a current or former student of
the respondent. The findings show somewhat inconsistent evidence that such collaborations
are more likely to result in a co-authored publication. This reasoning is warranted since
working with a graduate student—current or former—almost by definition implies some
co-authored publication activity, which in this case seems to apply only to the low- and
medium-productivity scholars, as well as to assistant and full professors.

Having been graduate students together is weakly and positively associated with the
likelihood of co-authored publication, a relationship discernible only in the context of
assistant and full professors. In the former, perhaps because fellow former graduate col-
leagues constitute the most readily available pool of collaborators; for the latter, perhaps
because it is more likely that graduate student friendship that has been sustained over the
entire career continue to be productive.

Informal resource-based relations (hypotheses 2-3)

The findings show mixed support for the second hypothesis (that the more boundaries
spanned, the more likely is co-authored publication). Across all models, collaborations in
which the collaborators are in a different university than the respondent’s are more
productive with regards to publications. Specifically, such collaborations are 15 percentage
points more likely to result in co-authored publication than same-university collaborations.
This suggests that scientists are willing and able to pursue potentially productive
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collaborators exclusively on merit, rather than to rely on institutional facilitation, and when
boundaries are crossed, it is for a “good reason”, outweighing the implicit costs of
boundary-spanning. This finding is not surprising however, given that the choices for
collaborators outside one’s own department and university is always larger than the options
available within the institutional boundaries of the respondent’s department or university.
Indeed, collaborators from outside of the university may be more professionally compat-
ible with the respondents than their colleagues—being in a different university does not
mean being in a different discipline, or having a different specialization. In fact, the
similarities in knowledge and backgrounds may far outweigh the relatively minor incon-
venience of collaborating across institutional boundaries, which is supported by the find-
ings regarding the effect of similarity of knowledge and backgrounds on the likelihood of
co-authored publication.

In particular, having different backgrounds and training makes collaborations less likely
to result in a co-authored publication. The less detailed a scientist’s understanding of his or
her collaborators’ area of specialization, the less likely that they will co-publish a paper
together, and the lesser the extent of understanding (i.e. “I have little to no understand-
ing...” vs. “I have a working understanding...”), the lesser the likelihood of a co-authored
publication, and vice versa—i.e. the easier the mutual understanding, the lower the cost of
co-authored publication.'' While the latter universally decreases the likelihood of co-
authored publication across all models, the former presents interesting exceptions in the
case of assistant professors and highly productive individuals, where in both cases having a
“working understanding” of collaborator’s specialization does not negatively affect the
likelihood of publication, albeit probably for different reasons. Perhaps assistant professors
are simply less discriminating in whom they collaborate with, while highly productive
individuals’ competences may also include the ability to collaborate with diverse set of
specializations.

As for hypothesis 3 (that when a collaborator is a qualified “assessor” or “guarantor” of
the quality of one’s research, the likelihood of co-authorship increases) being a reviewer
generally shows a positive effect on the likelihood of co-authored publication, however
only for the two subgroups—assistant professors and low-productivity individuals, i.e.
precisely lower status groups that can benefit the most from guarantorship. This may also
suggest that collaborations in such context tend to be more organic and social than col-
laborations of advanced and highly productive scientists. Virtually the same effect can be
attributed to a collaborator introducing the respondent to potential collaborators, except
that the positive effect of this behavior on co-authored publication also extends to medium-
productivity collaborators. Last, having a collaborator nominate the respondent for an
award or as an invited speaker only has a positive effect on co-authored publication in the
case of full professors, a finding perhaps consistent with the finding on “friendship” and
suggesting that close social relationships may be the consequence of a long collaborative
career, rather than a precondition.

Finally, one of the central, and unambiguously finite, resources that collaborators share
is simply time. Any aspect of collaboration involves allocations of time, and some time
allocations necessarily reduce the amount of time available to devote to research leading to
co-authored publication. In particular, having collaborated on a grant proposal over the last
2 years is negatively related to likelihood of co-authored publication over the same time
period across all models, at high levels of significance. Proposal writing requires

"1 Per a (post-estimation) Wald test, the differences between the coefficients is statistically significant
(P = 0.024).
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substantial time investment which can only come from other time-intensive activities, such
as the time needed to research, experiment, and write up the results. Thus although grant-
writing activity might eventually allow for greater productivity in the future, in the short
term it appears to reduce the productivity of collaborations.

Non-resource relations (hypotheses 4-5)

The findings show mixed support for the fourth and fifth hypotheses (that the frequency of
contact and personal “closeness” increase the likelihood of co-authored publication,
respectively). As hypothesized in the introduction, collaborative relationships character-
ized with intensive and regular information exchanges should be expected to positively
affect the probability that such a collaboration will culminate in a published paper. The
models tested in this study universally support such reasoning, with an interesting caveat.
In the general model for the entire population (Model 1), the relationship between fre-
quency and likelihood of having co-authored a journal publication is positive: the higher
the frequency, the greater the likelihood. Specifically, using daily frequency of commu-
nication as a reference group,'? communicating about weekly results in no discernible
change in the likelihood of co-authored publication, while communicating about monthly
or less often reduces the probability of co-authored publication by 7 and 11 percentage
points respectively, keeping all other variables constant at 0. The result is plausible, insofar
communication that is less frequent than at least a monthly contact may signify either that
the collaborators are too busy with other activities, and hence the productivity of the
collaboration declines, or that the collaboration itself is of lower priority.

This relationship holds across all models for all subgroups of interest, with two
notable exceptions: full professors (Model 4) and high-productivity respondents (Model 7).
In both cases, reduced frequency of communication does not negatively affect the likeli-
hood that the collaboration has resulted in co-authored publication, unless it less often than
monthly thereby suggesting a somewhat higher level of “automaticity” or “stability” of
the collaboration. Conversely, two contexts in which collaborations appear to be particu-
larly sensitive to frequency are the collaborations of assistant professors (Model 2) and the
collaborations of medium productivity scholars (Model 6). In both cases reduced frequency
of communication, even from “daily” to about “weekly” results in decrease of likelihood
of co-authored publication.

The length of the collaborative relationship is universally important predictor of the
likelihood of co-authored publication across all models."? Specifically, the likelihood that a
collaboration has yielded a co-authored publication in the past 2 years is about 25 %
higher in relationships longer than 3 years than in relationships shorter than that. There
seem to be “diminishing returns” to length of relationship as the increase in likelihood of
co-authored publication in relationships longer than 6 year is not substantially higher than
for relationship of 3-6 years (26 vs. 24 percentage points), and the difference is only
statistically significant at the 0.10 level).

The survey respondents were also asked to indicate if they consider each individual
collaborator to be a “close friend”. Approximately 25 % of all collaborators fell in this
category. While there are theoretical reasons to expect positive effect of social

1213 % of all collaborations fall into this category, see Table 2

13 Wald test of equivalence of the coefficients on “3—6 years” and “>6 years” suggest that relationships
longer than 6 years have larger positive effect on likelihood of co-authored publication than 3-6 year
relationships (P = 0.04).
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relationships on publication productivity, this is not universally supported by the data.
While such relationship holds true, it applies in specific contexts: the collaborations of
most senior academics (i.e. full professors) and the collaborations of low and medium
productivity scholars. These findings reveal interesting dynamics. First, the findings within
the context of rank question the traditional assumption that close social relationships
facilitate professional success. Indeed, the findings suggest different direction of influence:
perhaps it is not that social relationships (e.g., friendship) facilitate collaborative success,
but the other way around; maybe after a career long collaborations, some collaborators also
become close friends, as the findings within the context of rank would suggest. However,
this does not mean that social relationships are inconsequential: they seem to be important
for scholars with less robust publication outputs (i.e. low and medium productivity
scholars). It should also be noted that this relationship could be somewhat spurious con-
sidering that the lower productivity a scholar is, the more likely that he or she has less
collaborators, and therefore—the more likely that more of them will be “close friends.”
How the first contact was established seems to have a limited effect on the likelihood of
co-authored publication. Specifically, having met for the first time at a conference does not
seem to affect the likelihood of co-authored publication, and for the assistant professors
and low-productivity individuals it actually hurts the chances of co-authored publication.

Discussion

The findings of this study suggest stable underlying relationships that have evolved over
time and are possibly characterized with higher levels of trust are more likely to yield co-
authored publications. The implication of this general result is that collaborations are
neither discrete nor primarily resource-based or institutionally-influenced. Instead, co-
authorship is more likely to be characterized with (1) a pattern of lengthy history amongst
co-authors, (2) frequent communication, (3) some level of mutual trust and support
extending beyond the direct objects of the collaborations, and (4) shared socialization or
educational history.

The findings also suggest that institutional influences may be less important than typ-
ically thought. For example, the majority of respondents’ close collaborations are with
individuals from outside the university, and collaborations with outside individuals tend to
be more likely to result in a co-authored publication. Which reinforces the implication that
relational history and patterns of trust and communication may be at least as important
predictors of co-authorship as other factors more readily tracked with data and thusly more
regularly studied (i.e. here institutional factors). However, the boundary-spanning nature of
co-authorships this result implies also reinforces that resources like relations matter (in-
sofar that boundary-spanning research is in some cases motivated by resources, see
Boardman 2009).

These findings have some preliminary or potential implications for practice as well as
for theory.

In terms of policy and managerial implications, the results essentially defy common
practice in terms of institutional influences. The findings suggest that institutional attempts
to influence scientific collaborations face an uphill battle insofar scientists seem to self-
select into collaborations for informal and relational reasons even when confronted with
resource-and institution-based incentives. If this is in fact so (pending further investigation,
see “Conclusion” section), then any formal or policy-driven attempts to encourage
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collaborations that wouldn’t happen otherwise must address in addition to resource needs
relational barriers to collaboration (the barrier being the potential lack of these relations).
Which suggests that organic research collaborations must not be supplanted by top-down
policies but rather facilitated and enhanced by public policy (see Boardman and Bozeman
2006 for further discussion).

First, besides providing incentives for collaboration, institutional attempts to influence
collaboration patterns need to provide conditions for sustaining the new collaborations for
a long enough period of time so that mutual trust, familiarity, and communication patterns
have time to develop. The 5-year cycle of new boundary-spanning organizations estab-
lished by the NSF may be a guide, however we can’t say because we know of no inves-
tigation of how long it takes to develop collaborative relationships in science and
engineering research.

Second, in trying to facilitate inter-disciplinary research collaborations, institutional
attempts to facilitate such collaborations need to perhaps be even more patient, given that
bringing researchers from multiple disciplines together by definition means they will not be
intimately aware of each other’s skills and expertise. Institutional and organizational
attempts to influence the patterns of research collaboration should consider specific
managerial and human resource mechanisms to create the conditions for effective com-
munication and development of trust and goal congruence across scientists. The budding
team science literature is informative in this regard.

In terms of theory, this study has the potential to contribute to the generally neglected
issue of validly and reliably operationalizing research collaboration, and to enhance the
understanding of structural characteristics of research collaborations. The results under-
mine the common assumption that collaborations generally materialize in co-authorships,
with only about 50 % of the collaborations studied having yielded a co-authored publi-
cation, and 24 % producing no bibliometric output—publication, patent, or a conference
paper. Related, the fluid content and boundaries of collaborations suggest the any con-
ceptualization of scientific collaborations should expand to include less discrete qualities of
the collaboration (such as particular incentives or strategies), and rather turn focus towards
understanding research collaboration as an ongoing process. This line of research has been
started by the scientific and technical human capital approach (Bozeman et al. 2001).'*

Conclusion

In this paper we’ve only tried to unravel what co-authorship is as a social phenomenon.
Though our findings suggest co-authorship to be as much relational as resource-based, and
perhaps less institutionally-influenced than relational, the typical caveats regarding cross-
sectional and self-reported data and omitted variable bias apply. Nonetheless the results
reveal there’s still more to learn about authorship ascription as a relational phenomenon,
and this knowledge in turn may help to develop better understanding of research
collaboration.

!4 Though the approach suggests already that the scientists’ research capacity should incorporate social
capital variables, it does not provide guidelines for operationalization. Further, the approach emphasizes
social ties as capital or resources, not as relations per se. Accordingly, the approach is in our view inap-
propriately biased towards the accumulation of institutionally diverse connections, even though existing and
homophilic connections are just as important component of co-authorship.
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What this means is incorporating what we eventually find about the non-bibliometric
aspects of research collaboration—e.g., impetuses, processes, relations, decision calculi for
disseminating results via different media—into broader investigations using bibliometric
data to analyze the net effects of research policies and programs. Because the current
reliance on bibliometric data to operationalize research collaboration that would not have
occurred sans a particular public research investment is inaccurate and misleading (Laudel
2002).

This task is challenging both methodologically and empirically. To illustrate, the
sociology of science literature has historically shunned bibliometric methods generally
because anyone seeking to construct sociological explanations by using bibliometric
methods must, from these sociologists’ collective view, “cross into a methodological no
man’s land” (Glaser and Laudel 2001, p. 411). But in our view theory and public policy
dictate the challenge must be taken on, however imperfectly.

For us (and perhaps also for you) this means enhancing our survey data and other
sources of non-bibliometric information on the relational aspects of research collaboration
(e.g., from curriculum vitae and interviews) first with bibliometric data, and next with
institutional data. The typical metrics on co-authors’ institutional affiliations (which are
easily gleaned from bibliometric data) can help to understand the boundary-spanning
nature of co-authorship and then hypothesize about the extent to which these boundaries
were spanned for resource-based reasons, due to institutions and policy, and/or informal
relations. Institutional data will help to move beyond binary measures of the information
gleaned from co-authors’ institutional affiliations in terms of types and quantities of
resources, the formality or lack thereof of institutional norms and expectations, and so on.

The rub then is that, at least to start, research on research collaboration must get smaller
not bigger. Most work on research collaboration continues to rely exclusively on biblio-
metric data, which means going broad rather than deep (Abramo et al. 2009; Butcher and
Jeffrey 2005; Glinzel and Schubert 2004; Newman 2004; Wang et al. 2005). Instead
deeper investigation must happen not just in the ways we suggest above, but for smaller
samples within a single discipline or field. This sort of work in our view is required before
broader forays because it’s important first to develop an internally valid explanation of the
multiple dimensions of co-authorship, much less research collaboration.

Relational as well as resource-based factors (but not institutional ones) explain
authorship ascription for this article.

Appendix: Excerpt from the survey questionnaire—Questions
and definitions conditioning respondents’ answers to collaboration
questions

IIT Your Network

An important focus of our study is on the work relationships that evolve in the science
and engineering communities. The following sets of questions ask you about specific types
of interactions with people you know. The data collected in these questions is critical for
understanding research and other support relationships in the academic environment. Your
completion of this survey is completely confidential and the people you identify will not
know that you have named them in a survey.

The following questions ask you about individuals you have worked and collaborated
with at your institution, as well as in other organizations (Collaboration includes proposal
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generation, working on a research project, writing/presenting an academic paper/book or
book chapter, or developing industrial products or patents). Later, you will be asked
additional questions about these individuals.

50. Over the past two academic years, which individuals at your university have been
your closest research collaborators? Example: Chris Smith
[S text input fields]

51. Over the past two academic years , who have been your closest research
collaborators outside of your institution (including other academic institutions,
government or industry?) Example: Chris Smith

[5 text input fields]
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